Abstract The systemic inflammatory response has been described in patients with appendicitis. However, its progression from onset of symptoms to diagnosis has not been characterized. The specific purpose of this study was to describe and characterize the systemic inflammatory response to appendicitis. A descriptive cross-sectional study was conducted. One hundred eighty-three patients were studied,
Introduction
The inflammatory response to acute life-threatening conditions including appendicitis has been a subject of intensive study [1] [2] [3] [4] [5] [6] [7] [8] . The regional and systemic responses have been described [2, 4] , inflammatory parameters have been applied to diagnostic algorithms [3] [4] [5] [6] , and diagnostic scores incorporating inflammatory parameters have been developed [7, 8] . The systemic inflammatory response syndrome (SIRS) reflects the human inflammatory response to injury and infection [9] . Although the presence of SIRS has been described in patients with appendicitis, its progressive response associated with progression of clinical symptomatology has not been described and characterized. Continued systemic inflammation in patients with injury and infectious processes may result in multiple organ dysfunction and failure [1, 2, 5] . As with any acute inflammatory condition, the patients' systemic inflammatory response to appendicitis will progress, becoming more pronounced. The specific purpose of this study was to describe the systemic inflammatory response to appendicitis from the beginning of symptoms to diagnosis in patients with appendicitis submitted to emergency surgery.
Patients and Methods

Design of the Study
A prospective, descriptive cross-sectional study was conducted. At our institution, a median of 250 adult patients were submitted to emergency appendectomy every year [10] . Therefore, a sample of 152 patients with a power of 80 %, an error of 5 %, and 95 % confidence intervals was required to perform this study. During 1 year, 268 patients operated on for acute appendicitis at our institution were prospectively included; of them, 85 cases that did not comply with inclusion criteria were excluded. A total of 183 subjects (100 %) selected according to the following criteria were studied: patients older than 15 years submitted to emergency appendectomy and appendicitis confirmed by histology. Exclusion criteria were as follows: patients with immunosuppressive or immunodepressive conditions, a pathological report describing a normal appendix, and patients submitted to appendectomy as part of another elective procedure. Patients were divided into four groups according to the interval of time calculated from the onset of symptoms, as stated by the patient, to diagnosis: group 1 from 0 to 24 h, group 2 from 25 to 48 h, group 3 from 49 to 72 h, and group 4 more than 73 h. At admission, demographic and clinical data, interval of time from onset of symptoms to diagnosis, white blood cell (WBC) count, C-reactive protein (CRP) values, and SIRS scores were recorded. The primary outcome measure was to determine the expected systemic inflammatory response to appendicitis according to the established groups of time intervals using SIRS criteria for that purpose. The secondary outcome measure was the analysis of CRP, as another inflammatory parameter which is habitually included within the diagnostic study of patients with suspected appendicitis.
Clinical Relevance of SIRS in Appendicitis
The clinical relevance of SIRS in patients with appendicitis was studied correlating SIRS scores with perforated appendicitis and postoperative complications.
Definitions and Normal Values
The interval of time measured from the onset of symptoms to diagnosis was termed "diagnostic interval." SIRS criteria were defined as temperature higher than 38°C or lower than 36°C, heart rate (HR) higher than 90/min, respiratory rate (RR) higher than 20/min, and WBC higher than 12,000/mm 3 or lower than 4,000/mm 3 ; one point was assigned for every positive parameter which yielded a score from zero to four points [5, 9] . A patient was considered to have SIRS when two or more points were simultaneously present [9 ] . According to our institutional laboratory, normal values were considered for WBC at <11,300/mm 3 and CRP from 0 to 5 mg/L.
Statistics
Continuous variables were reported as mean±standard deviation and analyzed with the analysis of variance test. Categorical variables were reported as frequencies and analyzed with the Χ 2 test. Multiple comparisons were performed with the Wilcoxon-Bonferroni test. Correlations between SIRS scores, perforated appendicitis, and postoperative complications were assessed with Pearson's test. The database was constructed with the statistical software SPSS 11.0 (Chicago, IL, USA).
Results
General Characteristics
The series was composed of 107 men (58.5 %) and 76 women (41.5 %), with a mean age of 29.7±12 years (15-77). There were 45 patients (25 %) with a diagnostic interval from 0 to 24 h, 67 patients (37 %) presented between 25 and 48 h (p=0.002), 38 patients (21 %) presented between 49 and 72 h, and 33 patients (18 %) presented after 73 h from the onset of symptoms. Analysis of SIRS criteria showed that 73 patients (40 %) had a temperature equal to or over 38°C, 119 patients had a heart rate of 90/min or higher (65 %), 27 patients (15 %) had a respiratory rate of 20/min or higher, and 152 patients (83 %, p<0.0001) had a WBC count over 12,000/mm 3 . All patients (100 %) had CRP values of 5 mg/L or higher. According to the SIRS score, 11 patients (6 %) had zero point, 32 patients had one point (17 %), 83 patients (45 %, p<0.0001) had two points, 42 patients (23 %) had three points, and 15 patients (8 %) had four points. Consequently, 140 patients (76.5 %, p<0.0001) had SIRS. Table 1 shows the frequency of SIRS criteria for every group of diagnostic intervals. A WBC count higher than 12,000/ 3 was more frequent in groups 2 and 3. A temperature higher than 38°C was more frequent in group 4. Heart rates higher than 90/min were frequently registered in group 2, remaining high in all groups thereafter. A respiratory rate higher than 20/min was frequent in group 4; other groups of diagnostic intervals did not show an increased respiratory rate, or few patients complied with this criterion. Table 2 depicts median values for SIRS variables and CRP; all median values increased progressively with progression of the diagnostic interval. CRP peaked in group 3 and increased in group 4 (p<0.0001). Table 3 shows the occurrence of SIRS points; patients in group 1 had fewer SIRS points compared with other groups; besides, 49 % did not have SIRS (p<0.0001). Most patients in group 2 had two SIRS points (66 %, p<0.0001); 13 patients (19 %) did not have SIRS, while 10 patients (15 %) had three SIRS points. Most patients in group 3 did have SIRS (87 %), and 21 patients (55 %) had three points (p<0.0001). Finally, 45 % of patients in group 4 had four SIRS points (p<0.0001).
SIRS Characteristics
The analysis of SIRS variables according to diagnostic intervals showed non-significant differences in WBC count (p=0.475) (Fig. 1a) . The temperature rose constantly after 48 h from the onset of symptoms, reaching its peak after 73 h (p=0.001) (Fig. 1b) . The heart rate rose constantly from the onset of symptoms, presenting higher values after 73 h (p<0.0001). The respiratory rate rose after 73 h from the onset of symptoms (p<0.0001) (Fig. 1c) . CRP levels rose progressively concurrently with progression of the time interval, showing higher levels after 48 h (p=0.005) (Fig. 1d) . After 72 h, most patients had three or four SIRS criteria (p<0.0001) (Fig. 1e ).
Perforated Appendicitis, Postoperative Complications, and Correlations with Time Intervals and SIRS Points
The incidence of perforated appendicitis according to diagnostic intervals was 7 % for group 1, 24 % for group 2, 53 % (p<0.0001) for group 3, and 85 % (p<0.0001) for group 4; it should be noted how the incidence progresses along the timeline, increasing significantly at each established diagnostic interval. The general incidence of perforation for the cohort was 37 %. The incidence of perforation according to SIRS points was 31 % for one SIRS point, 20 % for two SIRS points, 66 % (p<0.0001) for three SIRS points, and 80 % (p<0.0001) for four SIRS points; patients with SIRS 3 and 4 had the highest perforation rates. Correlations among perforation, time intervals, and SIRS points assessed with Pearson's test showed that the perforation rate was correlated to increased time interval and higher SIRS score (p<0.0001). Regarding the complication rate, there were only seven complications (4 %): six patients had a minor superficial surgical site infection that did not require surgical interventions, and one patient suffered from deep venous thrombosis (DVT); notably, the patient who suffered from DVT had a SIRS score of 3 and a diagnostic interval of more than 73 h (Table 4 ).
Discussion
The importance of prompt diagnosis and treatment for patients with appendicitis has been emphasized in order to avoid septic complications that increase with advanced pathology [2, 5, 11, 12] . With an increased interval between the onset of symptoms and surgery exceeding 72 h, the odds for more severe pathology were higher compared with an interval below 12 h [2, 3, 5, 6, 11, 12] , and this observation was confirmed with the findings of the present study showing increased SIRS scores and diagnostic intervals related to an increased rate of perforated appendicitis. Patient delay in presenting to the emergency room after onset of symptoms was related to worsening pathology compared with in-hospital delays [11] . However, although these data support the importance of progressive inflammatory reaction to appendicitis, the proper inflammatory progression has not been characterized [12] . This is of relevance because of recent claims for conservative antibiotic management of appendicitis [13] [14] [15] [16] [17] [18] [19] , the high rate of conservative treatment failure, and recurrent appendicitis indicating a problem with the design of these studies which have used unselected consecutive samples with various different diagnostic intervals, not taking into account the fact that appendicitis is an evolving disease that worsens with the passing of time. The inflammatory response to appendicitis is not uniformly similar in all patients; consequently, the individual particular response to injury may be considered as a source of bias. In that sense, others have reported on patients without any inflammatory response to appendicitis with frequencies as high as 16 to 28 %; however, 52 to 80 % of those patients presented early in the diagnostic interval [2, 3] . In the present study, the frequency of patients without inflammatory response was similar to previous reports, most of them also presenting early within the diagnostic interval. Fig. 1 a White blood cell count increases with progression of appendicitis. After 73 h from the onset of symptoms, median values decreased secondarily to white blood cell adhesion to capillary walls and posterior migration of leukocytes from peripheral circulation into the appendicular area. b Fever was mild in patients with appendicitis during the first 48 h from the onset of symptoms. After this period, the temperature rose steadily, reaching its peak after 73 h. c The respiratory rate remained relatively low during the first 72 h; however, after 73 h, it significantly increased, reflecting the patients' septic compromise. d Progression of Creactive protein levels was steady and consequent with progression of the diagnostic interval, being more marked after 48 h. e SIRS points increased with progression of the diagnostic interval; after 73 h, most patients had three or four points, and this was consequent with the instauration of the septic process WBC Leukocytosis is the most frequent and expected parameter to be present in patients with appendicitis and is considered the best laboratory method to support the diagnosis of uncomplicated appendicitis [4, 6, 20] . Although the absence of leukocytosis does not rule out appendicitis [3, 21] , its presence supports the clinical diagnosis [2] [3] [4] [5] [6] [7] [8] 20] . It is expected that patients with advanced disease have higher WBC count due to increased polymorphonuclear cell count [5, 12, 20] . However, once the septic process is established, leukopenia may ensue. Leukocytosis was present in most patients in this study and was more frequent in patients with a diagnostic interval between 25 and 72 h. That was expected because the clinical evolution of appendicitis has its peak between 24 and 48 h after the onset [3, 5, 6, 11] . Most patients in group 1 had leukocytosis which was also expected due to the initial phase of the inflammatory process [3] [4] [5] [6] 20] . Only 58 % of patients in group 4 had leukocytosis, and of those with leukocytosis, the value was high. Some patients had normal values, and that response was expected because the inflammatory response in this series reached its peak after 73 h and because the instauration of sepsis would eventually lead to a decreased WBC count or even leukopenia [2, 4, 5, 11, 12, [22] [23] [24] [25] [26] . In studies using various diagnostic intervals, the incidence of leukocytosis varied from 78 to 88 % [2, 3] ; however, in one study using three different diagnostic intervals, the presence of leukocytosis increased along a prolonged time of symptom evolution [12] . A high WBC count could be expected in patients with advanced appendicitis [5, 6, 12, 20] ; however, most patients presenting late within the diagnostic interval could have a lower WBC compared with patients with lesser diagnostic interval [4] [5] [6] , these observations being similar to the results of the present study. Consequently, it should be expected that the WBC count would increase progressively along the diagnostic interval timeline, although after 73 h, the median WBC count would decrease, maintaining a higher count in approximately half of the cases.
Temperature
The temperature in appendicitis is mild even in complicated cases [2] . In patients with early and advanced appendicitis, the absence of fever has been reported with a frequency between 28 and 14 %, respectively [3] . A higher fever over 38°C has been reported in 56 % of patients with early appendicitis and 74 % patients with advanced disease [3] . Habitually, when high fever ensues, it is due to peritonitis or an abscess and represents advanced appendicitis with a long diagnostic interval [3, 20] . In this study, it was notable how the temperature increased progressively during the first 72 h from the onset of symptoms. When patients presented after 73 h, the temperature was frequently higher than 38°C. However, the frequency of fever higher than 38°C was around 40 % for patients presenting within 72 h from the onset of symptoms, and this finding confirms previous observations on the behavior of fever in patients with appendicitis [2, 3] .
Heart Rate An increased heart rate is expected to be correlating with the degree of fever, both responses mediated by local and systemic production of serum inflammatory mediators such as phospholipase A 2 and interleukins [2, 4] . The heart rate reached higher values rapidly after 24 h from the onset of symptoms, remaining high in all groups. After 73 h, most patients had high-frequency tachycardia, and this finding correlates with the increased temperature and the septic state of patients with longer diagnostic intervals.
Respiratory Rate
An increased respiratory rate after 72 h denotes a severe septic state and metabolic acidosis. The respiratory rate was the least common SIRS criteria met by the whole series; it had a significantly higher frequency in patients with a diagnostic interval higher than 73 h. A frequency of 34 % for this criterion has been reported in a cohort of patients with mixed diagnostic intervals [2] , which was higher than the frequency found in this study, where patients with higher diagnostic intervals were less frequent cases.
SIRS
The frequency of SIRS in the present study was 76.5 % which was similar to the reported incidence ranging from 50 to 86 % in patients with appendicitis [2, 5] . The duration of symptoms, from onset to diagnosis, is related to the severity of appendicitis [2, 5] . In this regard, it was expected that the duration of diagnostic intervals correlated with more severe inflammatory responses, and this expected outcome was demonstrated by the findings reported herein. Patients with less than 24 h of diagnostic interval had less than two SIRS points correlating with an initial inflammatory response. When the diagnostic interval was between 25 and 48 h, all patients had between one and three SIRS points, and most of them had two SIRS points; the most common criteria was increased WBC count and elevated heart rate, illustrating the initial phases of the inflammatory response with increased circulating leukocytes and tachycardia. Patients with a diagnostic interval from 49 to 72 h had one to three SIRS points; most of them had three SIRS points showing an advanced inflammatory response. Finally, patients with a diagnostic interval higher than 73 h frequently had three or four SIRS points demonstrating a full inflammatory response presenting all SIRS criteria. The WBC count increases steadily during the diagnostic interval from 0 to 72 h, and after 73 h, it decreases. This could be explained because after 73 h, most patients were in a declared septic state and WBC had undergone marginalization within the capillary wall and migrated towards the target area, and consequently, their serum numbers decreased.
Other SIRS criteria will increase because, as has been described in advanced appendicitis, phospholipase A 2 and interleukins IL-1β, IL-6, IL-8, and IL-10 increase locally and in the serum, causing high fever and consequently increased heart rate [2, 4] . While this happens, the development of metabolic acidosis increases the respiratory rate.
CRP
CRP is an unspecific inflammatory marker useful to support the clinical diagnosis of appendicitis together with WBC and clinical parameters [3, 5, 6, 8] . Higher values of CRP strongly correlate with appendicitis [3, 4, 6, 20] . With a longer diagnostic interval, CRP values would be significantly higher [3-6, 12, 20] . It has been shown that higher CRP values correlate with perforated appendicitis [5, 6, 20] . Consequently, CRP is considered a better serological marker for advanced appendicitis than WBC [4] [5] [6] 20] . In this study, the values of CRP increased constantly with the diagnostic interval, reaching higher values after 48 h, which confirms previous observations showing that CRP values were higher with advanced disease and a diagnostic interval higher than 48 h [5, 6, 20] .
Conclusions
The inflammatory response to appendicitis is progressive, being more severe along the timeline from onset of symptoms until diagnosis, correlating with advanced disease presentation.
